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ADVANCE RESTRICTED REPORT

FLIGHT MEASUREMENTS TO DETERMINE EFFECT OF A SPRING-LOADED
TAB ON LONGITUDINAL STABILITY OF AN AIRPLANE
By Paul A. Hunter and John P. Reeder

SUMMARY

In conjunction with a program of research on the
general prodlem of stability of airplanes in the climbing
condition, tests have heen :nade of a spring-loaded tab,
which is referred to us a Y“sorlangy tab,! i1nstalled on the
elevator of a low-wing scout bomber. The tab was arranged
to cdeflect upward with decresse in speed, which caused an
increase 1n the pull force required to trim at low speeds
and thereby increased the stlck-free statlic longltudinal
stabllity »f the alrplane.

It was found tkat the sprinsy tab would increase the
stick-free stabllity 1n &1l flight condltions, would
recduce the danger of inadvertent stalling because of the
definite pull force required to stull the airplane with
power on, would reduce the effect of center-of-gravity
position on stick-free static stabllity, and would have
little effect on the elevator stick forces 1n accelerated
flight. Another advantage of the springy tab 1s that it
might be used to provide almost any dssired variatlion of
elsevator stick force with speed by ad]Justing the tab
hinge-moment characteristics and the variatlon of spring
moment wlth tab deflection. TUnlike the bungee and the
bobweight, the springy tab would provide stick-free
static stability without requiring a pull force to hold
the stick back whlle taxyinz. A davice similar to the
springy tab may be used on the rudder or allsrons to
eliminate undesirable trim-force variations with speed.

INTRODUCTION

The National Advisory Cormittee for Aeronautics has
initiated a program of research on the general problem of
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the stabllity of alrplanes in the climbing condition. In
conjunction with this program, a mzember of the M¥eCA staff
suggested u device that incresses the stick-free

stablillity at low speeds and yet does not affect the stick-
free stabllity at high speeds. This device consists of

a spring-loaded tab on the elsvator. This tab is arranged
to del’lect upward with resmect to the elevator and to
cause an increased pull force for trim at low s»eeds. As
the speed 1s increased, the upvarc tab deflection, and
therefore tle lncreanent ol pull force, i1s decreuased until
at hiih speocd the tab reaches a stop in its neutral posi-
tion and has no further effect on the elevator forces.

A tab of this type, referred to herein as a "soringy
tab," was built =nd installed on the right elevator of a
low-wing scout bomber., Zight flight tests were made of
the alrplane wiltii the sprinzy-tad installation. The data
obtained in these I'llizhts ure compuarsad hereln with cdata
previously obtained {or the same airplsne with tihe produc-
tion tab locked.

APPARATTIS

A side view of the airplsne used in this investiga-
tion 1s shown in figure 1. The production models of the
alrolane tested lncorporate a tab on the rignt elevatbor
that 1s designed as a bulancing tad obut 1s usually locked.
Thlis tab was utillzed for the springy-tab installation.
The springy tab was statically and dynamically over-
balanced by moving its hinge 1llne rearward 0.25 inch and
by adding walght to its leading edge. For the springy-
tab installation, the elevator mass balunce was increased
to obtalin ths original mass overbalance of the elevator.
A plan viesa of the stabillzer, elevator, and tab is shown
in figure 2.

A s»pring was installed as shown In figure 3 to pro-
vide a moment about the tab hinge line. The link con-
necting the spring to the tab was vivoted on the tab at
8 point behind the hinge llne so thut the gzradient of tab
hinze moment with deflection could be made either stable
or unstable by adjusting the geometry of the asystem and
the spring characteristics. A small subtad was attached
to the tralling edze of the spiringy tab in order to adjust
the floating angle of the tab, and stops were provided to
limit the upward deflection of the springy tab to 21° and
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the downward deflectlon to 0C°., Photographs of the snringy-
tab instdllation are given &s.figures !} and 5. Unless
otherwlse noted, the varlation of springy-tab hinge moment
with springy-tab angle (as measured on the ground) wus as
shown in figure 6 and the angle of the subtab upward from
the springy-tab center line was approximately 6.5°.

The relation between the elevator angle, measured
from the stabllizer, and the stick position 1s shown in
figure 7. The friction 1n the elevator system 1s indil-

cated in figure 8 to be of the order of 12% pounds. The.

alrplane was fltted with a bobwelght that required a
sticlk pull force of approximately 5 pounds. The bob-
welght, whlch was 1nstalled for the tests of the alrplane
with the original tab and wlth the springy tab, 1ls a pro-
duction 1natallation anéd had no effect on the relative
stabllity of the two conflgurations. Elevator angle,
elevator atick farce, springy-tab an’le, veloclity,
acceleration, and time vere detem:lned from standard NACA
recording instrunients. Elevetor angles were measured from
the stebillzer 1n all cases. Tie airspeed used through-
out, called correct service 1indlicated airsneed, 1s the
airspeed that would be lvea by a standerd aN alrspeed
meter 1f 1t were cconnected tn a pltot-static system free
from positlion error and 1s deflned by

Vi = 45.08 fg \a,

where

Vis correct service 1ndlcated airspeed, mlles per hour

fo standard sea-level compressibllity correction
Tactor

d, mesasured dlifference between total and statlc

prescures corrected for pitot-static posilition
error, lnches of water

The elevator-system mechanical advantage was changed
between the time that the tesits of the alrrlane wilith the
original tab and the tests »f the alrplaine with the
springy tab were made. The sticlt forces for the alrnlane
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with the original tab, however, have been corrected to
correspond to the mechanlcal advantage of the alrplane
with the springy tab installed.

RESULTS AND DISCUSSION
Statlc Longitudinal Stabllity

The first several flights were made to adjust the
characteristics of the springy tab to glve the desired
effects on the statlc longltudlnal stabllity. In these
flights, the s»eced range over which the tab operated was
found to be too small and the frictlon 1n the tub system,
too large. These faults were corrected by adjusting the
tension 1n the spring, by adjusting the angle of the
subtab, by changing the posltlon of the link Joint on the
tab, and by installing ball bearings 1n ail moving joints
of the springy-tab system. Unless otherwlse noted, the
data on static longltudinal stabllity are from flights
made subsequent to these changes.

Figures 9(a), 10(a), 11(a) and (bH), and 12(a) show
the statlc longltudlnal stabillty characterlstlics of the
alrplane at both forward and rearward center-of-gravlty
nosltlons wilith the springy tav installed. The test flizght
conditions are defined 1n table I. Comnarable data pre-
viously obtalned wlth the airplane having the orlginal
tab locked at zern deflectlon are shown 1n figures 9(b),
10(b), 1ll(c) and (d), and 1l2(b). The stlick-free stabillity
characteristics of the slrnlane with the orlzlnal tab and
of the alrplane with the springy tab are compared in
figure 13 for the climbing and zllding condlitions at the
rearward center-of-gravity position. The voints indicated
as spot runs were obtalned from short records taken whille
the airplane was 1n equllibrium in a given i'light condil-
tion. The polnts cdesignated contlnuous 1runs were read
from longer records during which the sneed was slowly
decreased.

The effects of the sprringy tab on the static longl-
tudinal stabllity of the slrplane as comparec with the
effects of the original tab (figs. 9 to 13) may be
summarlzed as follows:

(1) The springy tab Iincreased the stick-free stabllity
in all flight condltions as manifested by larger negative
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slopes of the curves of elevator stlck force agalnst alr-
speed. In power-on flight with the center- -of-gravity
position at approximately 32 percent of the mean aerody-
namic chord - a condition in which the airplane with the
original tab had a large degree of instability both stick
fixed and stick free - the variation of stick force with
airspeed became stable throughout the speed range. 1In
the power-off conditlons, for which the airplane with the
original. tab was stable, the mull forces required to trim
at low speed were lncreased by the springy tab to an -
extent that was consldered "somewhat objectlonable by the
pllots, although the pull force never sxceeded 30 pounds.
Some lightening of the pull force at the stall occurred
in cases 1n which the springy tab reached 1ts maximum
deflection a rew miles per hour above the stalling speed
but stlick-force reversal occurred.only in the landing
condlition at the rearwarc center-of-ygravity position.
Because the springy tab reached its stop at zero deflec-
tion at avproximately 280 miles per hour, the highest
speed of the springy-tab tests, 1t would be exvected to
have no effect on the stablllity at hlisher speeds.

(2) The springy tab tended to reach maximun deflec-
tion at a speed near ths stalllng speed for all flight
condltlons despite thre variation of stalling speed with
flight condltion. The lncreased dynamlc pressure on the
tall in power-on condlitlons probably accounts for the
fact that the tab reached 1ts maximum deflection at a
lower speed in these conditions.

(3) The springy tad reduced the effect of center-of-
gravity position on the stick-free statlc stabllity. The
curves of elevator stick force agalnst alrspeed, wlth the
soringy tab lnstalled, almost coincide 1n the low-speed
range at the two center-of-gravity posltions tested. The
increased up-elevator deflections required for trim with
the more-forwarc center-nf-gravity positions resulted in
smaller upward deflections of the tab beceuse of the &aero
dynamlc hinge moment, due to elevator deflectlon, actling
on the tab. ' ) .

(LL) The stick-fixed static lonzitudinel stability
was slizhtly decreased by the &ctlon of .the springy tab,
as shown by the smaller up-elsvator .or larger down-
elevator deflectlions required for trim at low speeds with
the springy tab in operation. ,
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Dynemic ILongltudinal Stabllity

The results of the statlc-stablllity measurements
Indicated that the alrplane wlth the springy tab lnstalled
was stable with the stick free 1n all flight condltions.
for condltions in which a large arount of stick-flxed
instabllity exlsted, i1t was considered cesirable . to
Investigate whether the airplane with the springy tab
Installed would tend to return to 1tas trim speed if the
speed were changsed slightly and the control stick released.
The results of testis made 1n tihe climbing und glicding
ccnditions 1n which the stick was released at a speed
slightly above the trim sveed are given in figure 1lj. 1In
the climbing condition (fi1g. 1lli(a)), the airplane did not
tend to return to its trim sneed but instead the speed
increased slizghtly at first. The stable vuriation of
stick force wlth speed 1n this condltion (fig. 9(a)) would
glve a change in sticl: force of less than 2 poirnds for
thls change in trim speed. This anount of change in stick
force 13 less than the friction in the elevator control
system. The elevetor therefors rerained essentlally fixed
during this rmaneuver and thes initial divergence from the
trim sneed was caused by the sticlk-Il1lixsd 1nstapility in
thlis flizht conditlon. Some sll:ht up-~elevator mction
occurred near the end of the maneuver and orevented the
speed from continuing to lncresse; in fact, the speed
anparently began to decrease slightly.

In the gliling cnndltion (fix. 1lix(b)), the airplane
Initially tended to return to its trim speed. That this
stable tendency was due largely to the action of the
sprinzy tab may be seen from the motlon of the elevator
when the stick was released. Th= alrplane also hsd a
small amount of stick-fixed stavility 1ln this condltion
(fig. 10(a)). Some lug in the action of the tab 1is
indicated ir figure 1, (bt) ani may have been caused partly
by the small amount of friction 1n the tab systeam and
partly by the elevator motlon. 3Decause the alrplasne was
not in steady fllght, the elevator &q,les in these tests
did not beur the same relatlon to alirspeed us in the
static-stability tests (fig. 10{a)). ™re lug in the
action of the tab may nuave caussd tne instuvllity of the
lonz-serlod osclllation shown 1n this figure. The sta-
blllity of the osclllatlion for the elrnlane wlth the
original tab was not investigated. 3ince the character-
1stlcs of the long-period osclllation huve been shown by
vrevious investigatlions to have no correlation wlth the

e
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handling qualities of an airnlane, the osclllation shown
in figure 1ll(b) 1s not belleved to be objectionable.

- mamoETe L

The failure of the springy tab to cause the alrplsane
to tend to return to its trim speed when disturbed, 1n
flight conditions in which the alrplane was very unstable
with stick fixed, indicates that thls device cannot over-
come a deflcliency in stlcik-fixed stablllity, at least nct
with the same amount of friction as was present 1n tne
control system during these tests. The pllots did not
conslder the characterlstlics of the alrplane to be satia-
factory for any flight cowudlitlon in which 1t was unstable
wlth stick flixed, although they belleved that the control
characterlistics were lmoroved by the springy tab.

Nne advantage of the svringy tab is the reduced
danger of inadvertent stalllng. With the springy tab in
operation, a definite pull force was requlred tn stall
the airplane; whereas, wlith the criglnal tab, a large
nush force was requlired to nrevent the stall in powsr-on
condltions.

Accelerated Flight

The varlation of elevater sticlk force and svringv-
tab angle with normal acceleration in turns at 196 miles
per hour is chown 1in flzure 15. Comparable cata for the
airplane with the originel tub are given in fizure 16.

The springy tab avpeared to have little effect >n the
elevator stick forces 1iIn acceleratcd flight. For ths
soringy-tab system, the test results showed a slightly
lower slcpe ol the curve of elevator stick force with
normal acceleratlion at rearwardc conter of-sravity pesl-
tions, as may be seon by comoparing fizures 15 and 16.
The effect of the tab on the force per 3 normal accelera-
tion would be expected tc be greater with the more-forward
csnter-of-gravity vwosltions because a lurger chanze 1n
elevator angle would be required to produce a glven accel-
eratlon ard a greater tendency for the tab to f'loat down
would exist. The slight friction in the tab system may
have caused the flight measurements to differ from the

. expected tendency. .

" — e aia
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Take~-0ffs

Time histories of take-offs of the alrplane with a
forward center-of-gravity position are given in
figures 17(a) and (b) for the springy-tab installation
and for the orliginal tab installation, respectively. The
time history of a take-off witl a roarward center-of-
gravity position and the springy-tab installation 1s glven
in Tigure 17(c). 'With the springy tab, the airplane was
sald to exhiblt a tendency towaerd automutlc taize-off.
Severel o»f the nllots stated that at the start of the
take-off the elevator maved down and then at an eirspeed
cf about 80 miles ver hour roved up of 1ts own accord and
pulled the airplane off the ground. The actlon of the
springy tab that produced thlis tendency may be seen 1n
flgures 17(a) and 17(c). At the start of the take-off
the srringy tab was ut 1ts maxinum up deflection, wilch
produced & down-elsavator riovesent; at avbout 7J miles per
hour, the springy tab started to move down and thereby
pernitted the elevator to riove up. Comnarison of the
elavator stick forces for the springy-tab installation
(fig. 17(a)) with those of the alrplane with the original
tab (fig. 17(b)) shows the forces reguired for the uir-
plane with the springy tab to ve less than those for the
alrplane with the orizlnal tab. Apprcximately one-half
as much push farce wuas required witn the soringy tab to
11ft the tall off the ground although the cown-elevator
deflectlons were greater with this lnstallatlon.

Trim-Force Changes

All pilots who flew the alrplane wilth the springy
tab commented on the apvarently large trim-force change
with power. This and other trim-force chunges are com-
pared in table II with those for the alrplane with the
original tab for speeds of 120 and 100 miles per hour.
These cdata were obtained by trimmlng the uwirnlane first
in the climbing condition cnd nuklng successlve changes
in configuration and then trimming In the landing conci-
tion and maklng svcceasive chunges 1n configuration, with
records taken after sach change. Tue pull rorces requlred
to maintain trim on closlng the throttle with the flups
up were conslderably largser with the supringy tab installed
(tahle IT). The push forces required, Lowever, on applyling
full power with the flaps down were csmaller wlth the
soringy tab lnstalled. The anount of trim-tab deflection
for trim 1s greater by the amount requlred to ofrset the
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effect of the springy tab at trim speed. The minimum
speed at which the airplane with the springy tabd could be
trimmed, when the maximum trim-~tab deflection is used in
the landing condition (fig. 11l(a)) at elither center-of-
gravity vosition and in the approach condition (fig. 11(b))
at the forward center-of-gravity position, was rather
high, particularly in the landing condltion. As shown in
figzure 1l1l(a), a force of 22 pounds was required for trim
in the landing condltion at 100 miles per hour, so the
trim forces shown in table ITI for this condition do not
correspond to trim-force changes from a trirmed condition.
The data given for the airplane with the original tab
trimmed at 100 miles ner hour in the landing condition
were obtained by irnterpolatlion from unpublished data for
an airplane of the same type as thut of this investigation
because data for the alrplane with the original tab were
not available.

Comnparlson of S»ringy Tab wlth Other Devices
Providing Stick-"ree Stabllity

In a discussion of the springy tab, 1t alght be
apprenriste to compare it witi. other devices used to
improve stick-free static longitudinal stability. oOne
device 1sed for thls purpeose is a spring in the control
systen that exerts & monment which tends té <depress the
elevator. Although thls cdevlice, called the bunges, will
increase the stick-free =stabllity, it nas Cilsadvanteges:
A pull force must be exerted by the prilot to hold the
stick back while taxylng and ths high push forces that
may be required in high-speed rflight would result in
excessive accelerations 1f the stick were released in an
out-of-trim dive. The same dissdvantages ap»ly to a bob-
welight except that it produces en addltlonal lncrease »f
stick force with an increase in normal acceleration, which
would prevent excessive acceleratlons in tiis maneuver.
The springy tab will not cause any appreciable pull force
while taxying because the dynamlc presaure on the tab at
taxying speeds 1s low. In addition, the springy tab willl
not cause large push forces at hlgh speed because 1t wlll
then be deflected to 1ts neutral position.

Another advantage of the springy tab cver the bungee
or bobweight 1s that the stlick-force characteristics may
be adjusted to obtain almozt any desired elevator stick-
force variation with speed. This adjustment may be
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accomplished by changlng the aerodynamic characteristics
of the tab, the spring moment at zero tab &eflection, and
the varlation of the moment exerted by the s»ring with
tab deflection. A force increment of almost any value
can be applied at any part of the speed range of the air-
plane. The variation of kinge moment with deflection for
the initial springy-tab configuration is shown in figure 18.
Tne static longitudlinal stablility characteristics of the
airplane with the 1Initial s»>rlngzy-tab configuration bvefore
the changes incicated on page l were made are shown in
figure 19. A comparison of figure 19 with fijzgure 9(a)
saows the wlide variatlon of slevator stick-force churac-
teristics obtalned with the snringy tab for tne change in
hinge moment petween that shown 1n figure 1€ and that
shown in figure 6. It shwuld be noted that a large
increase in stick-free stability in the low-~-speed range,
wnere adverse effects of power ure usually greuatest, may
be obtainec wlthout greatly affecting the stablility at
higher spneeds by the use of 4 variation of s»ring moment
wlth tab deflectlon in which the s»ring noment that tends
t9 move the tab upwaré iacreases for the larger up-tab
deflectlons.

Because a springy tab may be used to adjust the
control-force varlation with speed within wice limits, it
can be used on the rudder cr allernns to elimlnate
undesirable trim-force changes with speed.

CONCLITSIONS

From flight tests to determine the effect of a
snring-loaded ta&b on thke longltudlnal stability charac-
teristics of a low-wing scout bomber, the following con-
clusions were reached:

1. Compared with the original tab lnstallstion the
springy tab lncreased the sticx-~free stability in all
flight conditlons as manifested by the larger negstive
slopes of the curves of elevator stick force aguinat air-
speed. In the climbing conditlon at =z recarward ceanter-
of -gravity position - a concdition in which the alrplune
with the original tab showed stlck-free instabllity
throuzhout the speed range - the alrvlane with the soringy
tab exhibited satisfactory stick-force wvariation with
speed.
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2. The pilots did not consider the characteristics
of the airplane to be satlisfactory for any flight ccndi-
tion in which -it.was -unstable with stick fixed, eltlmough
they bslieved that the control characteristics were
Improved by the springy tab.

3. The springy tab reduced the denger of inadvertent
stalling because of the definlite pull force required to
stall the alrplane with power on.

li. The springy tab may be used to provide almost any
Gesired varlation cof elevator stick force with aspeed by
adjusting the tab hinge-moment characteristics and the
variation of spring moment wlth tab deflection.

5. The springy tub tended to reach maximun deflection
et a speed near tke stalling speed for all Tlight condl-
tions desplte the variation of stalling speed with flight
condltion.

6. The springy tab recuced the effect of center-of-
gravity position on stick-free static stadbillty.

7. The stlck-fixed static longlitudinal stadillty wvas
slightly decreased by the actlon of tue springy tab.

8. The springy tab tLai lititle effect on the slevutor
stick forces in acceleruted {lignt.

9. Pull forces requlred to :aintain trim on cloalng
the throttle with flavs up wers corslderably larzer with
the soringy tab installed than with the origzinal configu-
ration. The push forces requlired, howsver, on applylng
full power with flaps rdown were snaller vwith the srringy
tab installed.

10. The springy tab would provide stick-free statlc
stablility without requiring a pull force to hold the
8ticx back while taxying, as woulld Tte rejguived oy tle
bungee axd -he bobweight.

Lang ley Femnrrlal aeronsutical Isonratory
National Advisory Committece for Aeronautics
Langiey .'ield, Va.
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TABLE I
ATRPLANE CONFIGURATIONS FOR TEST FLIGHT CONDITIONS

§ m————

Power
Condition Engine speed Man%gg%ngr:zsure Flaps ngging Figgg giﬁ;s
(rpm) 5000 f£t)
Climbing 21,00 38 Up Up Closed | Closed
Gliding Power off Power off Up Up Closed Closed
Landing Power off Power off Down Down Open Closed
Approach 2,00 21 % down Down Open Closed
Wave-off 21,00 38 Down Down Open Open

NATIONAL ADVISORY

COMMITTEE FOR AERON&UTICS
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TABLE II
TRIM-FORCE CHANGES

Stick force, 1b

02161

Power 120 mph 100 mph )
Manifold pressure Alrplane with Alrplane with Alrplane with Airplane with
Eng%:;ﬂ;»peed (in. Hg at 1‘22211‘58 Plaps Pg:; ?;:;133 springy tab original tab springy tab original tab
5000 rt) Trim tab, 10.89%; | Trim tab, 2.89; Trim tap, 159; Trim teb, 5.29;
¢.g. position, 26.7|c.g. position, 27.0|c.g. position, 26.6|c.g. poeition, 25.L
(1) (1) (1) (1) 3
2hoo 38 Up Up Closed|{Closed 0 0 0 0
Power off Power off Up Up Closed|Closed gﬁ.o pull 13.5 pull 2.0 pull 11.0 pull
Power off Power off Down Up Closed|Closed .5 pull 14.0 pull 25.5 pull 15.5 pull
Power off Power off Down |Down jCloaed|Closed 20.0 pull 12.5 pull 20.0 pull 9.5 pull
Power off Power off Down |Down Open [Closed 19.5 pull 9.5 pull 21.0 pull 10.0 pull
2400 28 Down |Down open | open 2.5 push 2.0 pull 4.5 puen 5.0 pueh
2400 21 Down |2 down| Open |Closed 9.0 pull 8.0 pull 21.5 pull 6.5 pull
Stick force, 1lb
LB LLs 120 mph 100 =ph S
1 t 1 Atrplane with Alrplune with Alrplane with Alrplane with
Engine speed Mm%{:]..ngr ::’“‘“ I‘;:’g,."g Flaps F;ggd f-?_:p, springy tab original tab epringy teb original tsb
(rem) 5000 ft) Trim tab, 15°; Trim tsb, 12.59%; Trim tab, 15°; Trim tab, 12.69;
c.g. position, 26.5}c.g. position, 26.6 c.g. position, 26.4|c.g. position, 26.4
(1) (1) (1) (1)
Power off Power off Down {Down Open |[Closed 0 0 22.0 pull 0
2400 21 Down %—dom Open {Closed .5 pull 4.5 push 9.5 pull  Jeccccccccoscac- R
2hoo 38 Down |Down open | open 10.5 push 22.5 push 1.0 push 25.5 push
21400 38 Up Down open | Open 10.5 push 22.5 push 5.0 push 29.0 pueh
2400 18 Up Up open | open 9.0 push 20.5 push .5 pull 26.0 push
2Loo 38 Up Up Cloaed} Open .0 push 20.5 push 1.0 pull . 25.0 push
Power off Power off Up Up Cloeed|Closed 18.5 pull = |-e---eccccmmmccena- 4.0 pull cceemmcrecmccacsecn

1

are in percent mean aerodynamic chord.

Trim-tab deflections are in direction for nose up and c.g. positions

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.~ Side view of the low~wing scout bomber used in the investigation.
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Elevator trim tab Subtab / \ 8oz inETteD NATIONAL ADVISORY -

Figure 2,- Plan view of the stabilizer, elevator, and tab used in the tests,
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Figure 3.- Diagram of the springy-tab test installation.
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Figure 4.- Uncovered springy-tab
installed on the elevator.
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Figure 5.~ Springy‘-_tab mechanism as covered
for flight.
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NACA ARR No. L5I20 Fig. 6
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Figure 6.~ Variation of springy-tab hinge moment with
springy-tab angle (as measured on the ground).



Fig. 7 NACA ARR No. L5120
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Figure 7,- Variation of elevator angle, measured from
the stabilizer, with stick position for the test
airplane,
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Figure &.- Elevator stick force required to move the
elevator slowly (as measured on the ground).
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Fig. 9a NACA ARR No. LbB5IZ20
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(a) Airplane with springy tab installed on elevator.
Figure 9.- Static longitudinal stability characteristics in
the climbing condition.



NACA ARR No. L5IZ20 Fig. 9b
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Fig. 10a . NACA ARR No. L5IZ20
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Figure 10.- Static longitudinal stability characteristics in
the gliding condition,
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Fig. l2a NACA ARR No. L5IZ20
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Figure 12.- Static longitudinal stability characteristics in
the wave-off condition.
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Fig. 13 NACA ARR No. L5IZ20
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Fig. 14b . NACA ARR No. L5IZ20
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